Previous studies have shown that Radix Ilicis Pubescentis total flavonoids have a neuroprotective effect, but it remains unclear whether Radix Ilicis Pubescentis total flavonoids have a synergistic effect with the recombinant human granulocyte colony stimulating factor-mobilized bone marrow stem cell transplantation on cerebral ischemia/reperfusion injury. Rat ischemia models were administered 0.3, 0.15 and 0.075 g/kg Radix Ilicis Pubescentis total flavonoids from 3 days before modeling to 2 days after injury. Results showed that Radix Ilicis Pubescentis total flavonoids could reduce pathological injury in rats with cerebral ischemia/reperfusion injury. The number of Nissl bodies increased, Bax protein expression decreased, Bcl-2 protein expression increased and the number of CD34-positive cells increased. Therefore, Radix Ilicis Pubescentis total flavonoids can improve the bone marrow stem cell mobilization effect, enhance the anti-apoptotic ability of nerve cells, and have a neuroprotective effect on cerebral ischemia/reperfusion injury in rats. 
Introduction
Bone marrow stem cells stimulate endogenous neural cell regeneration and inhibit apoptosis (Isele et al., 2007) , repair and replace nerve cells after cerebral ischemia, promote or participate in angiogenesis in the ischemic region (Qiao and Cao, 2014) . In conjunction with a mobilizing agent, they improve the survival rate of rats with cerebral ischemia by increasing the number of CD34-positive cells and the expression of Bcl-2 protein at the edges of the infarct, reducing the area of cerebral infarction (Yanqing et al., 2006) . Studies have shown that bone marrow stem cell transplantation can improve the expression of Bcl-2 after cerebral ischemia reperfusion in rats and decrease the expression of Bax. Thus it reduces the cerebral ischemia/reperfusion injury-induced apoptosis and improves the neurological status in rats with focal cerebral ischemia Huang et al., 2006) . Bone marrow stem cell mobilization has a protective effect on cerebral ischemia (Chen et al., 2012) . Granulocyte colony stimulating factor is a strong bone marrow stem cell mobilizing agent and has been widely applied clinically. Granulocyte
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The mechanism of Radix Ilicis Pubescentis total flavonoids on enhancing bone marrow stem cell mobilization colony stimulating factor can mobilize bone marrow stem cell release into the peripheral blood and help them reach the ischemic region. Here they protect injured neurons, improve the blood supply and promote the recovery of neurological function (Zhang and Lei, 2014) . Promotion of circulation and removing blood stasis method can improve microcirculation, encourage bone marrow stem cells to move from the bone marrow into the blood circulation and so exert the mobilization effect. These stem cells can easily traverse blood vessels and reach the ischemic region . Radix Ilicis Pubescentis, a commonly used Chinese herbal medicine that can remove blood stasis, alter cerebral blood flow, and assist in the prevention and treatment of cerebral vascular disease (Cai et al., 2001) . Radix Ilicis Pubescentis total flavonoids (RIPTFs) is one of the effective ingredients extracted from the dried root of the holly, Ilicis Pubescentis (Liu et al., 2014) . Our previous studies found that RIPTFs had an anti-ischemic effect (Zhang et al., 2012a, b) . In this study, we used different concentrations of RIPTFs to treat rat models of cerebral ischemia/reperfusion injury after they received transplants of bone marrow stem cells that were mobilized by recombinant human granulocyte colony stimulating factor. We investigated the mechanism of RIPTFs on enhancing bone marrow stem cell mobilization.
Materials and Methods
Preparation of rat models of cerebral ischemia/ reperfusion A total of 96 healthy, clean, male Sprague-Dawley rats aged 6-7 weeks and weighing 280-300 g were provided by the Hebei Provincial Experimental Animal Center of China (license SCXK (Ji) 2003-1-003). The rats were housed at 25 ± 3°C and humidity of 55 ± 10%, and were allowed free access to food and water. The experiment was approved by the Animal Ethics Committee of Henan University of Traditional Chinese Medicine in China. The 96 rats were equally and randomly divided into sham operation, model, mobilization, high-, moderate-, low-dose RIPTFs groups.
In all groups, except the sham operation group, rats were intraperitoneally anesthetized with 10% chloral hydrate 0.3 mL/100 g (Tianjin Municipality Kemi'ou Chemical Reagents Development Center, Tianjin, China) after fasting for 12 hours. The rats were fixed on the operation table in a supine position. A median incision was made on the neck. According to the method of Kitagawa et al. (1991) , a nylon thread (approximately 0.30 mm in diameter) coated with 1 mm of silicone rubber on the head end was inserted into proximal end of the middle cerebral artery through the left common carotid artery to a depth of 18-20 mm to block the blood supply of the middle cerebral artery for 2 hours. The nylon thread was then taken out, and the left middle cerebral artery was occluded. Intraoperative temperature was maintained at 23-24°C. In the sham operation group, middle cerebral artery was exposed under anesthesia but had no embolism. Rats were scored at 24 hours after ischemia and reperfusion in accordance with the Longa's method (Longa et al., 1989) : 0 points, no nerve damage symptoms; 1 point, cannot fully extend right forepaw; 2 points, circling to the right; 3 points, dumping to the opposite side; 4 points, cannot walk by itself, loss of consciousness; 5 points, death. The rats scoring 1 point or above were considered successful ischemic models.
Drug intervention and bone marrow stem cell mobilization Radix Ilicis Pubescentis extract was provided by the Laboratory of Analytical Chemistry, Henan University of Traditional Chinese Medicine, China. The RIPTF content was 52%. Radix Ilicis Pubescentis is the root of the plant Ilex pubescens Hook. et Arn, belongs to Ilex L. (Aquifoliaceae), and was found in Anhui Province of China, and identified by Professor Chengming Dong from Henan University of Traditional Chinese Medicine, China. Radix Ilicis Pubescentis coarse powder was taken and soaked with 10 times the amount of 70% ethanol for 0.5 hour, followed by 2 reflux extractions, the first time for 1.5 hours and the second time for 1 hour. After filtration, the two filtrates were combined and subjected to vacuum ethanol recovery until no alcohol smell was detected. The Radix Ilicis Pubescentis extract obtained was put on an AB-8 macroporous resin column (Tianjin Haiguang Chemical Co., Ltd., Tianjin, China). The concentration of RIPTF in the sample liquid was 0.4 g/mL; the sample liquid pH was 4.5; the ratio of the crude drug to macroporous resin was 1:8; the ratio of the diameter to the height of the macroporous resin column was 1:15. Total saponins were eluted by 12 bed volume water and 10 bed volume 30% ethanol. The 30% ethanol eluent was collected, followed by vacuum ethanol recovery, and then dried at 50°C, to obtain the RIPTFs (Feng et al., 2012b) . Ultraviolet spectrophotometry was used and rutin was used as the control. The content of RIPTFs was determined . RIPTFs were dissolved in 0.5% sodium carboxymethyl cellulose (Tianjin Fuchen Chemical Reagent Factory, Tianjin, China) to make 1.5, 0.75, and 0.375 mg/mL suspensions.
In accordance with Miao's method (Miao, 2003) , rats were intragastrically administered 0.2 mL/10 g drug solutions, once a day, from 3 days before the modeling to the 2 days after the modeling. The rats in the sham operation, model and mobilization groups were given 0.5% sodium carboxymethyl cellulose. The rats in the high-, moderate-and low-dose RIPTFs groups received 0.3, 0.15 and 0.075 g/kg body weight of RIPTFs solutions, respectively.
From 3 days before the ischemic modeling, rats in the mobilization group, high-, moderate-and low-dose RIPTFs groups were also given normal saline-diluted recombinant human granulocyte colony stimulating factor (Approval No. GYZZ S19990049; Shandong Qilu Pharmaceutical Co., Ltd., Jinan, Shandong Province, China) by subcutaneous injection (10 µg/kg daily), until the second day after injury for a total of 5 days. Rats in the model and sham operation groups were injected with an equal volume of normal saline. At 1 day after the ischemic injury, rats were intraperitoneally injected with 50 mg/kg BrdU (Shanghai Hao Ran Biological Co., Ltd., Shanghai, China) twice, with an interval of 2 hours, so as to mark the dividing bone marrow stem cells.
A total of 35 rats died from poor drug tolerance and severe reaction to ischemic modeling during the experiment. The data from the 61 remaining rats were used in the analysis, including 16 in the sham operation group, 7 in the model group, 9 in the mobilization group, 12 in the high-dose RIPTFs group, 8 in the moderate-dose RIPTFs group and 9 in the low-dose RIPTFs group.
Sample collection
In each group, the rats were sacrificed at 1 hour after administration on day 5. The brain was immediately separated on an ice plate. In accordance with a previous method (Paxinos and Watson, 2005) , coronary sections were obtained at the optic chiasm and 4 mm posterior to the optic chiasm, fixed with 10% formaldehyde solution, and embedded with paraffin. Subsequently, samples were sliced into 5 µm thick serial sections, pasted on the polylysine-treated glass slides, and stored at room temperature.
Pathological observation of brain tissue
Sections of the left hemisphere underwent hematoxylin-eosin staining and Nissl staining . Under a light microscope at 400× magnification (Olympus, Japan), nerve cells and Nissl bodies were observed in the brain. According to the results of hematoxylin-eosin staining, pathological change of nerve cells could be divided into four levels: "-" nerve cells, cytoplasm and nucleus were normal; "+" most of nerve cells, cytoplasm and nucleus were normal, but a few nerve cells were atrophied; "++" a small number of nerve cells were atrophied, and the majority of nerve cells, cytoplasm and nucleus were normal; "+++" most of nerve cells were atrophied, cytoplasm was apparently reduced, their nuclei and nucleoli were blurred and indistinct. According to the results of Nissl staining, pathological change of nerve cells can be divided into four levels: "-" abundant Nissl bodies in the cytoplasm; "+" less than 2/10 Nissl bodies had decreased or disappeared; "++" 3/10-6/10 Nissl bodies had decreased or disappeared; "+++" 7/10-10/10 Nissl bodies had decreased or disappeared.
Bcl-2, Bax, CD34 and BrdU immunoreactivities in the brain tissue as detected by immunohistochemical method
Sections of ischemic brain tissue in each group were attached to the glass slide coated with polylysine, dewaxed, hydrated, incubated with 3% H 2 O 2 for 10 minutes, and washed twice with PBS each for 5 minutes. Antigen was retrieved by exposure to microwave radiation in an oven. Following two washes with PBS each for 3 minutes, sections were blocked with normal goat serum at 37°C in a wet box for 20 minutes. Redundant liquid was drawn off. Sections were incubated with rabbit anti-rat BrdU monoclonal antibody (Boster, Wuhan, China), rabbit anti-CD34 polyclonal antibody (1:200) (Boster), rabbit anti-Bax polyclonal antibody (1:200) (Boster), and rabbit anti-Bcl-2 polyclonal antibody (1:200) (Boster) at 4°C overnight. After two washes with PBS each for 3 minutes, sections were incubated with biotinylated goat anti-rabbit IgG (1:100) (Boster) at 37°C for 20 minutes in a wet box, washed with PBS (3 minutes × 2), incubated with streptavidin biotin peroxidase complex at 37°C for 20 minutes in a wet box, washed with PBS (5 minutes × 4), and visualized with 3,3′-diaminobenzidine. Visualization was terminated with PBS. Subsequently, sections were counterstained with hematoxylin and mounted with a neutral resin. Bcl-2 and Bax expression and the number of CD34-and BrdU-positive cells were observed under 400× light microscope (Olympus). According to results of staining, the expression of different proteins in nerve cell membrane and cytoplasm was graded: "-" negative expression of Bax; "+" weakly positive expression of Bax; "++" positive expression of Bax; "+++" strongly positive expression of Bax.
Statistical analysis
Data were analyzed using SPSS 13.0 for windows medical statistical package (SPSS, Chicago, IL, USA). Ranked data were measured using a Ridit test. The difference between groups was compared using t-test. A value of P < 0.05 was considered statistically significant.
Results
RIPTFs improved the effects of bone marrow stem cell mobilization on pathological changes in rat brain tissue after cerebral ischemia/reperfusion injury Hematoxylin-eosin staining showed that, compared with the sham operation group, nerve cell atrophy and cytoplasmic volume shrinkage were observed and nuclei and nucleoli were indistinct. Compared with the model group, nerve cells, cytoplasm, nucleus were normal in the mobilization group and high-dose RIPTFs group. In most nerve cells, cytoplasm and nucleus were normal in the moderate-dose RIPTFs group, but some nerve cells were atrophic, cytoplasm volume was clearly reduced, and nuclei and nucleoli were indistinct. In the low-dose RIPTFs group, most nerve cells were atrophic, cytoplasm had shrunk and the nuclei and nucleoli were indistinct, and some nerve cells, cytoplasm, nucleus were normal (Figure 1, Table 1 ).
RIPTFs improved the effects of bone marrow stem cell mobilization on Nissl body in rat brain tissue with cerebral ischemia/reperfusion injury Nissl staining results show that compared with the sham operation group, neuronal cell edema and vacuolar degeneration were observed in the experimental groups. Nissl bodies disappeared in the model group. Compared with the model group, a large number of Nissl bodies were found in the cytoplasm of most neuronal cells, and Nissl bodies disappeared in a few cells in the mobilization, high-and moderate-dose RIPTFs groups. Nissl bodies disappeared in most neurons, and Nissl bodies could be seen in the cytoplasm of some cells (Figure 1, Table 2 ).
RIPTFs elevated the effect of bone marrow stem cell mobilization on Bax immunoreactivity in rat brain tissue after cerebral ischemia/reperfusion injury Immunohistochemical staining showed that no Bax immunoreactivity was detected in the sham operation group. Compared with the sham operation group, Bax immunoreactivity did not obviously alter in nerve cells of rats from the mobilization group (P > 0.05), but Bax expression was weakly positive in the model group (P < 0.05). Compared with the model Figure 1 RIPTFs effect on pathological changes and Nissl bodies in rat brain tissue with cerebral ischemia/reperfusion injury after bone marrow stem cell mobilization (× 400). HE staining showed that the pathological injury of brain tissue in rats was obviously reduced in the high-and moderate-dose RIPTFs and mobilization groups. The number of Nissl bodies was evidently increased in the high-, moderate-and low-dose RIPTFs, and mobilization groups. The black arrows refer to nerve cells, and the blue arrows indicate Nissl bodies. HE: Hematoxylin-eosin staining; RIPTFs: Radix Ilicis Pubescentis total flavonoids. Data were the number of rats: 16, 7, 9, 12, 8, and 9 in the sham operation, model, mobilization, high-, moderate-and low-dose RIPTFs groups, respectively. Ranked data were measured using Ridit test. Nerve cell grading: "-" normal nerve cells, cytoplasm, nucleus; "+"most of nerve cells, cytoplasm, and nucleus were normal, and some nerve cells were atrophied; "++" a small number of nerve cells was atrophied, and the majority of nerve cells, cytoplasm and nucleus were normal; "+++" most of nerve cells were atrophied, and cytoplasm was evidently reduced, nucleus and nucleolus were blurred and indistinct. RIPTFs: Radix Ilicis Pubescentis total flavonoids. Data were the number of rats: 16, 7, 9, 12, 8, and 9 in the sham operation, model, mobilization, high-, moderate-and low-dose RIPTFs groups, respectively. Ranked data were measured using Ridit test. According to the number of Nissl bodies, pathological changes can be divided into four levels: "-" abundant Nissl bodies in the cytoplasm; "+" less than 2/10 Nissl bodies decreased or disappeared; "++" 3/10-6/10 Nissl bodies decreased or disappeared; "+++" 7/10-10/10 Nissl bodies decreased or disappeared. RIPTFs: Radix Ilicis Pubescentis total flavonoids.
group, Bax immunoreactivity became weaker in the highdose RIPTFs group (P < 0.01), but no significant changes in Bax immunoreactivity were detected in the moderate-and low-dose RIPTFs groups (P > 0.05; Figure 2 , Table 3 ).
RIPTFs elevated the effect of bone marrow stem cell mobilization on Bcl-2 immunoreactivity in rat brain tissue after cerebral ischemia/reperfusion injury Immunohistochemical staining showed that Bcl-2 was not detected in the sham operation and model groups. Compared with the sham operation group, Bcl-2 immunoreactivity was significantly greater in the mobilization, high-and moderate-dose RIPTFs groups (P < 0.01). No significant changes were detectable in Bcl-2 immunoreactivity in the low-dose RIPTFs group (P > 0.05). Compared with the model group, Bcl-2 immunoreactivity was significantly higher in the mobilization and high-dose RIPTFs groups (P < 0.05). No significant changes in Bcl-2 immunoreactivity were found in the moderate-and low-dose RIPTFs groups (P > 0.05; Figure 2 , Table 4 ).
RIPTFs elevated the effect of bone marrow stem cell mobilization on CD34 immunoreactivity in rat brain tissue after cerebral ischemia/reperfusion injury Immunohistochemical staining showed that, compared with the sham operation group, CD34 immunoreactivity was significantly greater in the mobilization, high-and moderate-dose RIPTFs groups (P < 0.01). No significant changes in CD34 immunoreactivity were detected in the ischemic region in the model and low-dose RIPTFs groups (P > 0.05). Compared with the model group, CD34 immunoreactivity in the ischemic region was significantly higher in the highdose RIPTFs group (P < 0.05). No significant changes in CD34 immunoreactivity were found in the ischemic region of the mobilization, moderate-and low-dose RIPTFs groups (P > 0.05; Figure 2 , Table 5 ).
RIPTFs elevated the effect of bone marrow stem cell mobilization on BrdU immunoreactivity in rat brain tissue after cerebral ischemia/reperfusion injury Immunohistochemical staining showed that there was no
BrdU immunoreactivity in the model group. Compared with the sham operation group, BrdU immunoreactivity was significantly greater in the high-dose RIPTFs group (P < 0.05). No significant change in BrdU immunoreactivity was detected in the mobilization, moderate-and low-dose RIPTFs groups (P > 0.05). BrdU immunoreactivity was significantly higher in the high-, moderate-and low-dose RIPTFs groups than in the model group (P < 0.01). BrdU immunoreactivity was significantly higher in the mobilization group than in the model group (P < 0.05; Figure 2 , Table 6 ).
Discussion
Ischemic stroke is the most common cerebrovascular disease, and cerebral ischemia is frequently detected in the middle cerebral artery (Zhu et al., 2015) . The methods of inducing animal models of focal cerebral ischemia include the thread embolism method, micro-embolism method, and chemical stimulus-induced thrombotic occlusion method . The thread embolism method is recognized as the ideal method for modeling of focal cerebral ischemia as there is no craniotomy, little trauma and good repeatability (Fan et al., 2014) . We chose this model as it is similar to the clinical conditions. Nissl body is a morphological index of nerve cell viability (Zeng et al., 2015) as its function was strongly related to neuronal function. Therefore, it is often used to judge the pathological changes of nerve cells. Moreover, the changes in Nissl bodies can reflect nerve cell changes in the hippocampus. Nissl bodies are very sensitive to ischemia and hypoxia in nerve cells. When axons are damaged, Nissl bodies of nerve cells tend to dissolve or disappear (Zhong et al., 2011) . This study demonstrated that the number of Nissl bodies in the cytoplasm of nerve cells in the hippocampus of the rats in the model group clearly diminished after cerebral ischemia/reperfusion injury. The decrease in the number of Nissl bodies was lessened by drug administration following ischemia. The use of the RIPTFs drug increased the number of Nissl bodies, promoted axonal regeneration and lengthened the nerve growth cone, indicating that RIPTFs protected nerve cells of rats against ischemia/reperfusion injury. Nerve cell apoptosis is strongly correlated with cerebral ischemia and is regulated by apoptosis-related genes (Luo et al., 2005) . Bcl-2 is an apoptosis-inhibiting gene, and Bax protein is a pro-apoptotic gene; both are considered the most important genes to suppress and promote apoptosis (Banjerdpongchai et al., 2011; Song et al., 2011) . Our experimental results showed that RIPTFs suppressed neuronal apoptosis caused by cerebral ischemia by decreasing the expression of Bax and enhancing the expression of Bcl-2. CD34 cells can migrate to the ischemic region or injury site and participate in local angiogenesis (Mu et al., 2013) . Immunohistochemical staining can be used to measure the Data were the number of rats: 16, 7, 9, 12, 8, and 9 in the sham operation, model, mobilization, high-, moderate-and low-dose RIPTFs groups, respectively. Ranked data were measured using a Ridit test. According to Bcl-2 immunoreactivity, there are four levels in cell membrane and cytoplasm of nerve cells: "-" negative expression of Bcl-2; "+" weak positive expression of Bcl-2; "++" positive expression of Bcl-2; "+++" strong positive expression of Bcl-2. RIPTFs: Radix Ilicis Pubescentis total flavonoids. Data were the number of rats: 16, 7, 9, 12, 8, and 9 in the sham operation, model, mobilization, high-, moderate-and low-dose RIPTFs groups, respectively. Ranked data were measured using a Ridit test. According to CD34 immunoreactivity, there are four levels in ischemic region: "-" negative expression of CD34; "+" weak positive expression of CD34; "++" positive expression of CD34; "+++" strong positive expression of CD34. RIPTFs: Radix Ilicis Pubescentis total flavonoids. Data were the number of rats: 16, 7, 9, 12, 8, and 9 in the sham operation, model, mobilization, high-, moderate-and low-dose RIPTFs groups, respectively. Ranked data were measured using a Ridit test. According to BrdU immunoreactivity, there are four levels in cytoplasm of nerve cells: "-" negative expression of BrdU; "+" weak positive expression of BrdU; "++" positive expression of BrdU; "+++" strong positive expression of BrdU. RIPTFs: Radix Ilicis Pubescentis total flavonoids; BrdU: 5-bromo-2-deoxyuridine.
microvessel density and area of the ischemic tissue using a CD34 antibody so as to determine neovascularization in the early stage (Zhu et al., 2011) . This study confirmed that RIPTFs effectively improved capillary blood flow and oxygen supply and reduced the degree of damage to capillary endothelial cells in the hypoxic and ischemic brain. BrdU as an analogue of thymidine can compete with endogenous thymidine and integrate into the nucleus during the DNA synthesis of S phase of the cell cycle. BrdU as a marker of cell proliferation has been widely used in the field of neural stem cells (Seaberg and van der Kooy, 2002) . This study verified that, after cerebral ischemia, BrdU expression was apparently stronger in the RIPTFs groups than that of the model group, and BrdU expression was higher in the mobilization group than in the model group, which suggested that RIPTFs and bone marrow mobilizing agent (recombinant human granulocyte colony stimulating factor) may have a synergistic effect, to help improve blood circulation in the ischemic region, and promote the reconstruction of neural circuits. The present study verified that RIPTFs improved the mobilization of bone marrow stem cells, reduced the apoptosis of nerve cells in brain tissue, could prevent and repair damage from cerebral ischemia, and had synergistic effect on bone marrow stem cell mobilizing agent in rat models of cerebral ischemia/reperfusion injury. However, a more comprehensive dose-effect relationship of RIPTFs should be investigated. Despite the simplicity of the mobilization of bone marrow stem cells and that immunological rejection of allogeneic transplantation can be avoided so it is an effective treatment for cerebral ischemia (Rüster et al., 2006; Dietz et al., 2007; Wang et al., 2007) , its efficacy and safety need further evaluation. The honing of concordant remedies for the mobilization of bone marrow stem cells towards ischemic tissue, and the precise mechanism of the differentiation into functional cells should be clarified. New drugs to enhance the targeting and effectiveness of bone marrow stem cell mobilization should be developed. It would be beneficial to establish a complete technology platform for animal models, and explore the possibility of clinical application of the various technologies. Thus, bone marrow stem cell mobilization co-medication to improve cerebral ischemia/reperfusion strategy will become a new means of cell transplantation therapy incorporating traditional medicine, hyperacute thrombolytic therapy and stem cell therapy.
